anhydrides were prepared by convenient oxidations of homophthalic acid derivatives followed by hydrolysis and dehydrative cyclization. Strong baseinduced cycloaddition of these anhydrides to 2-ehloro-6,6-ethylenedioxy-5,6,7,8-tetrahydro-1,4naphthoquinone gave the tetracyclic adducts, which were efficiently converted into 4-demethoxydaunomycinone and daunomycinone.
4-Methoxy and 4-acetoxyhomophthalic anhydrides were prepared by convenient oxidations of homophthalic acid derivatives followed by hydrolysis and dehydrative cyclization. Strong baseinduced cycloaddition of these anhydrides to 2-ehloro-6,6-ethylenedioxy-5,6,7,8-tetrahydro-1,4naphthoquinone gave the tetracyclic adducts, which were efficiently converted into 4-demethoxydaunomycinone and daunomycinone. The anthracycline antibiotics, daunomycin (1) , adriamycin (2) , and 4-demethoxydaunomycin (3), are clinically significant drugs for the treatment of a broad spectrum of human cancers.1) Efficient total synthesis of these anthracyclines, especially regiospecific preparation, has been the subject of intense study2) due to the lack of an efficient biosynthetic process as well as the search for more active analogs with reduced cardiotoxicity. We have reported3) a regiocontrolled synthesis of the late-stage intermediates (7 and 8) to the anthracyclinones (4-6) using a strong base-induced cycloaddition of homophthalic anhydrides to 2-chloro-6, 6-ethylenedioxy-5, 6,7, 8-tetrahydro-1,4-naphthoquinone as shown in Chart 1. Although this method is useful for the small-scale preparation of 7 and 8, the oxidation step of the cycloadducts (9 and 10) to the para-acetoxylated products (11 and 12) with lead tetraacetate (LTA)/acetic acid-methylene chloride remains to be investigated since the yields are quite variable (25 79%) depending on the reaction conditions, especially the purity of the reagent itself, the reaction temperature, and the scale of the reaction. We have previously communicated4) a greatly improved synthesis of 7 and 8 by using the previously C4-acetoxylated homophthalic anhydrides (14 and 15) and an efficient conversion of 7 and 8 into 4 and 5. We present here a full account of the work as well as a demonstration of the synthetic utility of C4-oxygenated homophthalic anhydrides (13 15) for the preparation of key intermediates (7 and 8) . Results and Discussion
The requisite starting materials, 4-methoxy-(13) and 4-acetoxyhomophthalic anhydrides (14 and 15) were unknown in the literature. Since 2'-oxygenated homophthalic acids seemed to be favorable starting materials for 13 15, we first tried the introduction of some oxygen functions at the C2,-position of dimethyl homophthalate followed by hydrolysis of the esters. Dimethyl homophthalate was converted into the ketene silyl acetal intermediate (i) with lithium diisopropylamide (LDA)/trimethylsilyl chloride, and (i) was oxidized with LTA5) or m-chloroperbenzoic acid (m-CPBA)6) to give dimethyl 2'-acetoxy- (16) or 2'-hydroxyhomophthalate (17) in 83% or 44% yield, respectively. 2'-Methoxylation was accomplished by the treatment of dimethyl homophthalate with PhI(OAc)2 [phenyl iodosyl diacetate, PIDA] in methanolic sodium methoxide to give a 50% yield of dimethyl 2'-methoxyhomophthalate (18) .7) Although hydrolysis of the ester (18) gave the desired 2'-methoxyhomophthalic acid (19), other esters (16 and 17) gave an unwanted product, phthalide-3-carboxylic acid (20) selectively on alkaline hydrolysis followed by careful acidification. After several unsuccessful attempts,8) the 2'-acetoxyhomophthalic acids (21 and 22) were successfully obtained from the homophthalic acids themselves by the most straightforward method: the homophthalic acids were treated with 3.2 eq of LDA in tetrahydrofuran (THF) and quenched with trimethylsilyl chloride to give the ketene silyl acetal intermediates (ii), which were oxidized with LTA in benzene to give quantitatively the corresponding 2'-acetoxyhomophthalic acids. These acids (19, 21, and 22) were treated with 1.3 eq of trimethylsilylethoxyacetylene9) in methylene chloride to give, in quantitative yields, the 4-methoxy-(13) and 4-acetoxyhomophthalic anhydrides (14 and 15), respectively.
Conversion of the anhydrides (13) (14) (15) to the tetracyclic adducts (23 25) was carried out by our strong base-induced cycloaddition method.3) Treatment of the sodium salts generated from these anhydrides and 1.0-1.1 eq of NaH in THF with 2-chloro-6,6ethylenedioxy-5,6,7,8-tetrahydro-1,4-naphthoquinone at room temperature gave the regiospecific naphthacenediones (23-25) in 65%, 72%, and 62% yields, respectively. The latter two adducts (24 and 25) were identical with authentic samples prepared earlier by us 3b) and were readily hydrolyzed quantitatively to 7 and 8 with 80% trifluoroacetic acid. The former adduct was assigned as 23 on the basis of spectral evidence and the following chemical Chart 1 behavior: hydrolysis of 23 with 80% trifluoroacetic acid gave a quantitative yield of 7 and the regiochemistry of the cycloaddition of 4-methoxyhomophthalic anhydride (13) was shown to have the same orientation as that of the 4-acetoxyhomophthalic anhydrides (14 and 15) in the reaction with 3-bromo-5-hydroxy-1,4-naphthoquinone, giving the single adduct (26) [not the regioisomer 261.10) As shown above, the use of C4-acetoxyhomophthalic anhydrides (14 and 15) instead of homophthalic anhydrides was found to be the best method for the preparation of 7 and 8. As for the side-chain elaboration of the 9-keto group of these tetracyclic ketones (7 and 8), there remains the need for some improvements since the reported side-chain elaboration of the 9-keto group by using ethynylmagnesium bromide gives inadequate yields.11) All other existing methodologies for the homologation of 7 and 8 using acyl anion equivalents were tried but did not give satisfactory results, probably due to the ready base-catalyzed enolization of the 9-keto group. Recently, we have found12) that trimethylsilylethynylcerium (III) reagent is quite useful for the conversion of an enolizable ketone into a hydroxyacetone moiety and we 6, 9, 8, 9, 6, 9, 8, 9, 9-Acetyl- 6,9,11-trihydroxy-7,8,9,10-tetrahydronaphthacene-5,12- 9-Acetyl- 6,9,11-trihydroxy-4-methoxy-7,8,9,10-tetrahydronaphthacene-5,12- 
